2 ), and hyperhydate dominated Singhia river had IVI ranged between 2.5 and 160.9 and biomass ranged between 120.7±55.8 and 283.5±28.3 g/m 2 .
Introduction
Aquatic macrophytes form important components whose abundance influences the structural and functional characteristics of aquatic ecosystems (Canfield, 1984) . They affect the species composition and richness of aquatic biota and finally the water quality through consequent nutrient cycling. They often act as nutrient pump, take up nutrients from the bottom sediments, translocating them to the shoots and releasing them in the water body when they perish. In the aquatic environment they are essential for manufacturing and producing food for aquatic heterotrophic communities and contribute significantly to the total primary production (Adoni & Yadav, 1985) . Some floristic and resource based works on aquatic macrophytes are available but quantitative status is almost unknown to Nepal, few of them include Burlakoti & Karmacharya (2004) , Shrestha (1997 Shrestha ( , 2000 and Upadhyay (2008) . Present work aims to highlight importance value index (IVI), diversity indices and biomass from three fresh water bodies-Betana pond, Bhattapokhari (stagnant) and Singhia river (flowing) at Biratnagar and adjoining areas, eastern Nepal.
Material and Methods

Study area
Biratnagar township (26°20′ N and 87°16′ E, 72 m msl) is characterized by pollution / nutrient loaded derelict depressions and other water bodies-ponds, pools, ditches along the roadsides due to municipal and industrial discharges and agricultural run off.
An aged perennial derelict depression-Bhattapokhari (1.5 ha) 1 km south from Post Graduate campus surrounded by cultivated land from Biratnagar township (water depth 0.5-1m), Singhia river-a small perennial flowing water body at the eastern boarder of Biratnagar township and Betana (26°39′N and 87°25′E, 115 m msl), spreaded in 5.5 ha at the Charkoshe Jhadi-a natural oxbow pond (water depth 1-1.5 m) about 26 km north east away from Biratnagar township were selected for the present study.
The study area has alluvial soil, tropical monsoon climate with three distinct seasons viz., winter (November-February), summer (M arch-June) and rainy (July-October) in a year. The average annual rainfall is 1312 mm, and average annual maximum and minimum temperatures 30.6°C and 14.2°C, respectively.
Observation and sampling of aquatic macrophytes were made from January 2008 to December 2009. They were sampled by harvest method at monthly intervals using a quadrat of 50×50 sq cm with adequate numbers. Collected samples were washed and brought to the laboratory and after proper sorting and processing oven dried to constant weight at 80°C. Importance value index was calculated by summing relative density, relative frequency and relative coverage of the species (Zobel et al., 1987) . Coverage was determined by Braun-Blanquet cover-class scale. Diversity indices were calculated following M argalef (1958), Pielou (1966 ), Shannon Weaver (1963 and Simpson (1949) . The annual net production of aquatic macrophytes was calculated by summing positive increments on successive sampling dates during the study period (Singh & Yadava, 1974) . The plant species were identified with the help of standard literature (Hooker, 1887 (Hooker, -1897 Cook, 1996) and visual inspection. The identified specimens were confirmed by making crosschecks with the specimens housed at the Tribhuvan University Herbarium (TUH), Department of Botany, Post Graduate Campus, T.U., Biratnagar Nepal and Herbarium Section, University Department of Botany, T.M. Bhagalpur University, Bhagalpur, India. The specimens were deposited at Tribhuvan University Herbarium (TUH) for reference.
Results and Discussion
Thirty eight aquatic macrophyte species-Betana pond (7), Bhattapokhari (6), and Singhia river (32) were recorded with helophytes (7), tenagophytes (10), hyperhydates (11), vittates (7) and pleustophytes (3) by their growth form categories (Table 1) . Emergents (helophytes, tenagophytes, hyprehydates) outnumbered submerged (vittates) and free floating (pleustophytes) as substantiated by Burlakoti and Karmacharya (2004) , Sheerwani (1962) and Shrestha (1996 Shrestha ( , 1998 (Table 2 ). This trend may be attributed to the increase in species richness with decrease in water depth (Burlakoti & Karmacharya 2004; Van der Valk & Davis 1976) . Summer season was reported to be most favourable for emergents, winter-for free floating, spring-for submerged and summer-for rooted floating. In the present study, rooted floating leaved (epihydates) species were absent but occurrence of maximum IVI at Singhia river for emergents was similar to the condition of Beeshazar Tal. Variation in biomass (monthly/seasonal) of aquatic macrophytes communities at Betana pond, Bhattapokhari and Singhia river is given in (Sharma & Rai, 1989) . In marshy and attached emergents dominated macrophytes at Kewar lake wetland, Bihar, India, monthly biomass ranged 114-230 g/m 2 , maximum-December and minimumJuly (Sharma, 1995) . Pandey et al. (1995) Water hyacinth dominated Bhattapokhari was the most productive 2675.7 g/m 2 /yr in comparison to natural oxbow pond-Betana (323.7 g/m 2 /yr) and Singhia river (479.09 g/m 2 /yr). Water hyacinth is one of the most productive plant of the world (Sinha & Sahai, 1979) . This plant has exhibited its phenological rhythms related to temperature gradients, since gradual increase in biomass during summer and significant decrease during winter months. In Ramgarh wetland of Gorakhpur (India), Sinha (1969) calculated 930 g/m 2 /yr production in emergent zone and a little over 1000 g/m 2 /yr in floating and submerged zones. In temperate climate of Srinagar (Kashmir, India), Kaul (1971) found 2800 g/m 2 /yr productivity in the emergent and 880 g/m 2 /yr in floating zone of Dal lake.
